Background and Objectives: Although the prevalence of e-cigarette use among adolescents and young adults has caught up to or eclipsed that of combustible cigarette use, there is relatively little known about (a) the link between e-cigarettes and other substances and (b) the reasons underlying this increase in e-cigarette use. To address this gap in knowledge, the current study examined associations between e-cigarette use and other substances and identified motives for e-cigarette use among young adults. Methods: Participants included an ethnically diverse sample of African American, White, and Hispanic young adults (N ¼ 662; 61% female) who were participating in an ongoing survey-based longitudinal study of health and risky behaviors. Results: Hispanic, White, and male young adults reported significantly greater past year e-cigarette use compared to their African American and female counterparts. Bivariate correlations showed that use of e-cigarettes was positively associated with use of combustible cigarettes, alcohol, marijuana, cocaine, amphetamines, inhalants, hallucinogens, ecstasy, and misuse of over-the-counter and prescription medications. Furthermore, e-cigarette users reported a higher prevalence of substance use relative to those who did not use e-cigarettes. The taste of e-cigarettes was identified as an important motive for use. Conclusions and Significance: Although the potential harm associated with e-cigarettes remains largely unknown, e-cigarettes appear to be a risk marker for the use of substances that are known to pose substantial health problems. Health care providers should screen for e-cigarette use, and youth substance use prevention programs should target the reduction of e-cigarette use with particular attention to addressing their taste appeal. (Am J Addict 2017;26:343-348) BACKGROUND AND OBJECTIVES
BACKGROUND AND OBJECTIVES
Electronic nicotine delivery system, commonly known as vaping or e-cigarettes is quickly gaining popularity in the US. With the common belief that e-cigarettes are less harmful than combustible cigarettes, 1 e-cigarettes are often promoted as a safer alternative. 2 This notion of reduced harm, coupled with aggressive marketing to younger consumers, 3 likely contributed to the tripling of e-cigarette use among youth in just 1 year. 4 Indeed, recent estimates suggest that over 2 million US adolescents currently use e-cigarettes 5 and more than 20% of US young adults have used them in the past. 6 Although the nature and degree of harm associated with e-cigarette use is not fully known, emerging evidence suggests potential acute 7 and chronic 8 effects. One significant concern is the potential for e-cigarettes to serve as a precursor to combustible cigarette use, 9, 10 which is an enormous public health burden. Schneider and Diehl, 11 proposed a catalyst model to describe this "gateway effect" in which they suggested that the low perceived health risks and characteristics of e-cigarettes (eg, taste, price, and inconspicuous use), and a higher level of acceptance among peers, makes e-cigarettes initially more attractive to youth than combustible cigarettes. Over time, however, the increased tolerance to the relatively low levels of nicotine in e-cigarettes may lead to a transition to the use of combustible cigarettes. Indeed, US adolescents and young adults appear to progress from e-cigarettes to combustible cigarette use. 12 Moreover, lifetime use of e-cigarettes is positively related to the use of a number of other tobacco products, such as hookah and snus. 4, 13, 14 Based on a review of existing research, Kritjansson and Sigfusdottir 15 concluded that the presence of e-cigarettes increases the overall rate of youth engagement in tobacco use of any kind. Leventhall and colleagues 10 conducted a compelling longitudinal study demonstrating that baseline e-cigarette use among youth predicted subsequent initiation of combustible cigarette, cigar, and hookah use at both 6-month and 12-month follow ups.
The catalyst model effect of e-cigarette use may extend beyond tobacco products to include an increased risk of misusing other substances. As seen with the strong association between combustible cigarettes and alcohol/drug use, 16, 17 e-cigarette use may also be comorbid with alcohol use, 18 and a range of other substances. For example, one study demonstrated that the prevalence of e-cigarette use among adults seeking substance use treatment was higher than that in the US general population of smokers. 19 A study of adolescents found that e-cigarette users were more likely than nonusers to have used alcohol (including heavy drinking), oral tobacco, sleeping pills or tranquilizers, sniffed glue, marijuana, and amphetamines. 20 The present study extended this literature by investigating the association between e-cigarettes and other substances (ie, cigarettes, alcohol, marijuana, cocaine, amphetamines, inhalants, hallucinogens, ecstasy, and misuse of over-the-counter and prescription medications) among young adults.
In addition to investigating the association between ecigarette use and other substances, we also examined potential motives for young adult use of e-cigarettes. Although two commonly reported reasons for e-cigarette use among adults are to quit smoking and to reduce the harm of combustible cigarette use, [21] [22] [23] motivations for use of e-cigarettes in younger populations do not appear to be associated with a desire to quit 24 or health concerns. 25 Thus, we explored reasons underlying the use of e-cigarettes, including taste and cost, in a diverse population of young adults.
Race/Ethnicity
Although the literature consistently shows that males are generally more likely to use e-cigarettes than females, 13, 14, 26 there is less agreement with respect to race/ethnicity. A recent study of Texas youth found that e-cigarette users were more likely to be White than African American or Hispanic, 14 while another study of young adults found no differences by race/ ethnicity. 26 A third study demonstrated that e-cigarettes were more commonly used by Hispanic and White adolescents, relative to African American and other youth. 4 Using a large ethnically diverse sample of young adults, we extended this literature by investigating current e-cigarette use patterns with a particular focus on examining differences by race/ethnicity.
METHODS

Participants and Procedure
We used data from our ongoing, longitudinal study of adolescent health. The original sample (Wave 1: Spring 2010) included 1042 participants (female: 56%) who were recruited from mandated classes in seven public high schools in southeast Texas (response rate: 62%) and followed annually thereafter. 27 The present study included only participants, who completed Wave 6 in the spring 2015 (n ¼ 758; retention rate from baseline: 73%), which is the first Wave in which ecigarette items were included. Analyses were then conducted on the 662 participants (61% female) who self-identified as Hispanic (37%), White (33%), or African American (30%), as remaining racial/ethnic groups (eg, Asian) were too small for meaningful analyses. Most participants were either in college (65%) or working (28%) with a mean age of 20.03 years (range: 18-23 years, SD ¼.79). Participants received a $30 gift card for completing the 45-min survey. Active parental consent and child assent were obtained at Wave 1. Participants were re-consented upon reaching the age of 18. The Institutional Review Board of the first author approved the study.
Measures
Participants were asked (yes/no) about past year use of e-cigarettes, cigarettes ("more than just a puff"), alcohol ("more than just a few sips"), marijuana, cocaine, amphetamines, inhalants, hallucinogens, ecstasy, "over-the-counter cold or cough medication with the intent to get high," and "prescription medications that weren't prescribed by a health professional." Due to relatively low rates of past-year use of cocaine, amphetamines, inhalants, hallucinogens, ecstasy, over the counter medication, and prescription medications, these substances were combined to form an additional variable of past year "hard drug use" (ie, participants were categorized as past-year hard drug users if they endorsed one or more of these substances).
Motivations for using e-cigarettes were measured with the question, "what reasons motivated you to use e-cigarettes?" Culled from the literature, we provided participants with the following list of possible reasons for e-cigarette use and asked them to check all that applied to their situation: (1) substitute for smoking in places where smoking is prohibited; (2) to avoid exposing others to second-hand smoke; (3) to avoid smelling like tobacco smoke; (4) to help cut down the number of cigarettes smoked; (5) to help quit smoking entirely; (6) to save money; and (7) the taste is better than regular cigarettes.
Data Analytic Strategy
All analyses were conducted in SPSS version 21 to examine the prevalence of e-cigarette use and its association with the use of other substances. Chi-square analyses were utilized to determine whether past year prevalence of e-cigarette use varied by gender and race/ethnicity. Bivariate correlations examined the association between past year prevalence of ecigarette use and past year use of other substances. Chi-square analyses examined whether e-cigarette users were more likely to use other substances relative to participants who did not use e-cigarettes. Finally, we examined reasons for e-cigarette use.
RESULTS
Past year prevalence of e-cigarette use across the entire sample was 28.3%. Chi-square analyses demonstrated that Bivariate correlations between use of e-cigarettes and use of other substances are presented in Table 1 , along with prevalence data for all substances. E-cigarette use was positively and significantly associated with every type of substance use. The strongest correlation was between e-cigarettes and combustible cigarettes (r ¼.51). Fisher r-to-z transformation, which tests whether the strength of two separate correlations are statistically different, demonstrated that the correlation between past year e-cigarette use and cigarette use was statistically stronger than the correlations between e-cigarette use and all other types of substances.
As shown in Table 2 , young adults who used e-cigarettes in the past year reported a higher prevalence of every type of substance examined, relative to those who did not use ecigarettes. With the exception of inhalant use, all differences remained significant after applying a Bonferroni correction, which adjusted for the number of analyses conducted.
Among young adults who reported past year e-cigarette use, reasons for use included: the taste is better than regular cigarettes (55.7%), using as a substitute for smoking in places where smoking is prohibited (36.2%), to avoid smelling like tobacco smoke (31.9%), to help cut down on the number of cigarettes smoked (23.8%), to help quit smoking entirely (23.8%), to save money (18.9%), and to avoid exposing others to second-hand smoke (17.3%).
DISCUSSION
Overall, 28.3% of this ethnically diverse sample of young adults reported e-cigarette use, which was similar to their reported use of combustible cigarettes (27.6%). This finding provides further evidence that e-cigarettes have become a popular substance among young adults. 28 Consistent with previous research, 13 past year e-cigarette use was higher in males. Similar to the 2014 Youth Tobacco Survey, 4 a significantly higher proportion of Hispanics (32%) and Whites (39%) reported e-cigarette use compared to their African American counterparts (12%). These race/ethnicity differences may have implications for prevention resources available to schools and communities. Specifically, prevention and intervention programs targeting White and Hispanic students may benefit from including information on ecigarettes, while programs targeting African American youth may be better served by focusing on other substances.
As expected, past year e-cigarette use was strongly related to combustible cigarette use. This link, coupled with the knowledge that e-cigarette use may progress to combustible cigarette use, 10 indicates that e-cigarettes may not be a safe alternative for young adults. That is, even if the long-term evidence demonstrates that e-cigarettes themselves are harmless, their strong relationship to a substance that causes known harms warrants concern.
The present study adds to the literature by demonstrating that e-cigarette use among young adults was associated with a variety of other substances including alcohol, marijuana, cocaine, amphetamines, inhalants, hallucinogens, ecstasy, and misuse of over-the-counter and prescription medications. Moreover, the prevalence of past year use of all types of substances was higher among e-cigarette users compared to non-users. Thus, in addition to confirming the comorbidity between e-cigarettes, cigarettes, and alcohol, 18, 29, 30 the present study identified a link between e-cigarettes and a Ã Correlation is significant at the .05 level (2-tailed). ÃÃ Correlation is significant at the .01 level (2-tailed). a All hard drugs is "yes" to one or more of the cocaine, amphetamines, inhalants, hallucinogens, over the counter, ecstasy, and prescription drug items.
range of "hard" drugs. It is possible that young adults use ecigarettes as a "safe" method of experimentation, with the potential that this progresses to the misuse of cigarettes and other harmful substances. Another plausible explanation is that risky behaviors (eg, substance use) cluster together and that a third variable underlies their collective use (eg, impulsivity, poor mental health). Regardless of the reasons underlying the association between e-cigarettes and a range of licit and illicit substances, current findings suggest that the use of e-cigarettes is a risk marker for other substances with known harmful effects. Thus, young adult-focused health care providers should routinely query patients about their ecigarette use. Moreover, health prevention programs should address the rapidly growing use of e-cigarettes among young adults to prevent the undermining of ongoing substance prevention efforts. The primary motivation for e-cigarette use among our ethnically diverse sample was that they "taste better" than combustible cigarettes. This is an important finding given that e-cigarettes are often marketed toward younger consumers with enticing flavors like fruit (eg, pineapple) and dessert/ candy (eg, Skittles). 31 Although the 2009 Family Smoking Prevention and Tobacco Control Act bans cigarette companies from characterizing specific flavors that are attractive to youth, 32 the regulation does not apply to e-cigarettes. It is estimated that 82% of 12-17 year olds and 88% of 18-21 year olds have seen e-cigarette advertising, 3 and youth and young adults exposed to e-cigarette advertisements, particularly flavored e-cigarette advertisements, tend to rate e-cigarettes as more appealing, and have greater interests in buying and trying them. 33, 34 This reality makes the association between ecigarettes and other substances much more alarming. Despite the restricted e-cigarette access with the newly announced FDA rule that requires photo identification at purchase and bans sales to adolescents, this restriction only applies to anyone under age 18. 35 The taste appeal of e-cigarettes will likely continue to motivate use among young adults. Policy makers should consider restricting the availability of ecigarette flavors or regulating current marketing messages that focus on flavors and taste.
LIMITATIONS
Findings should be interpreted in light of several limitations. First, participants self-reported past year substance use. Second, the data were cross-sectional, which prohibits making causal inferences or understanding temporality of relationships. Longitudinal data could help to determine if and how the relationship between the use of ecigarettes and other substances change over time. Third, participants were asked to choose their motivations to use ecigarettes from a list of pre-specified items. Although this list was fairly comprehensive, the reasons were not exhaustive and nuances may have been lost in this process, whereby more complicated reasons were not captured by a close-ended survey. Qualitative research may be necessary to grasp a full picture of the motivation underlying the decisions to initiate and continue use of e-cigarettes.
CONCLUSIONS AND SIGNIFICANCE
The present study is among the first to identify the association between e-cigarette use and a range of other substances in a large, ethnically diverse sample of young adults. In addition to the expected link between e-cigarettes and combustible cigarettes, we found an association between e-cigarettes and alcohol, marijuana, cocaine, amphetamines, inhalants, hallucinogens, ecstasy, and the misuse of over-thecounter and prescription medications. Given that e-cigarette use appears to be a risk marker for known harmful substances, public health professionals, and policy makers should address e-cigarette use in prevention programs. We also found that taste is a highly motivating factor for young adults to use ecigarettes and identified a list of other motivations. Regulations on e-cigarettes and their marketing messages are necessary for substance use prevention for youth. A new FDA rule that bans e-cigarette sales to anyone under age 18 took effect in August 2016. The high prevalence of e-cigarette use among young adults, as well the association between ecigarettes and a range of other substances, support the need for the recent federal regulations, and further indicate the need to continue surveillance and implement new regulations on marketing messages for e-cigarettes, particularly those focusing on flavors and taste.
